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Stage-specific master genes in holometabolous development and their

advances in Spodoptera frugiperda

ZHANG Ze-Yuan', WU Mian-Zhi’, ZHU Guan-Heng" (School of Agriculture and Biotechnology, Sun
Yat-sen University, Shenzhen 518107, China)

Abstract: As the most species-rich group in the eukaryote, insects have evolved unique growth and
development patterns during their long-term evolutionary process. Among these, holometabolous insects
exhibit a life cycle comprising four distinct stages: egg, larva, pupa, and adult. The hormonal and genetic
regulatory mechanisms underlying the staged growth and development of insects have long been a key focus
and hot topic in entomological research. In recent years, with the continuous advancement of molecular
biology theories and technologies, stage-specific master regulatory genes in holometabolous insects have
been gradually identified. As a major migratory agricultural pest, the fall armyworm, Spodoptera frugiperda,
has posed a significant threat to China’s food security since its invasion of the country at the end of 2018.
Being a typical holometabolous insect, fall armyworm larvae need to consume large quantities of food from
nature to accumulate energy for subsequent life activities such as reproduction and migration. It is

precisely this voracious feeding behavior of the larvae that has caused substantial damage to agricultural
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production. Therefore, this review summarizes the research progress on the stage-specific master genes in

holometabolous insects, with a focus on S. frugiperda, aiming to provide a theoretical basis for the

development of efficient and environment-friendly pest control strategies based on the regulation of insect

growth and development.
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ecdysone

B HUE IR T 29 4.8 {ZAF Fi A9 B BF 242 (Misof,
2014) . fEiE KA R, BB
AZ S (Ametabola) . A 5E 472824 (Hemimetabola)
F5E42EA (Holometabola) 45 HAT i 3 B Btk &
BREW AT AEeEER T 2EE
B2 oy NN TR R B AP IE R B K28 4k
A RFIE R, HIE S A F ARG I 5
R/ UM A WE 25, XA RE R
RN A S KA (Metamorphosis) (3t 55 45
2016; Truman, 2019),

| RYHENMBRHRETEESE
RTERRFHRIINEE

PF2 A 1) 2% % August Krogh B 283 “For a
large number of problems there will be some animal of
choice or a few such animals on which it can be most
conveniently studied” (Krogh, 1929). 5 /& Ui,
TESN YA RETE T, AEIRR R, S —L
DB AR RN 5. RV RKARE
IS, SEIEENIE T August Krogh FUELIS . 1E N
N B R AR B2 BE B A, 1934 4F Vincent B.
Wigglesworth 45 T W If1.4% Rhodnius prolixus Vf 2y H:
HRBEBERE RGNS, bt T
CHESKT A AR R, NI IT TR A R
HAEREFEWHR P4 (Wigglesworth, 1934), —
TN AR, BHE RS E Y52 5K Williams
MAE T K AR Wk Hyalophora cecropia WP 435 H T 41
FAHRNIE RS EOWRY) (Williams, 1961) .
BT 1967 4F BT HE LR 241 Roller 55 N1 U4 &
HOE g 3 M R 4> J& Juvenile hormone (JH) 1
(Sesquiterpenoid methyl dl-trans, trans, cis— 10—
epoxy—7—ethyl-3, 11-dimethyl-2, 6-tridecadienoate )
(Réller et al., 1967), — Tzl xR, #EEA:
)24 Adolf Butenandt 1 Peter Karlson M 50 kg ¢ %
Bombyx mori 8 #1535 ) 25 mg IR B AL MY, &

ARSI e, R A A R Y (R 5 A
Wz W I Bk Ay 4 kB R (a —ecdysone)
(Butenandt and Karlson, 1954) . #| T 1965 & ,
Karlson P BAH iz 5 % FZ i S AR B M Afr 1 W58 e
WR A= EH, BRI S iR &)
(G5 A 2 RUIA £ i), IE S dm 44 o W e i
(Ecdysone) (Karlson and Peters, 1965).

JH Fdss J7 fli - (Ecdysteroids, 045 W 5 # & Al
20- LM B2 IR ) SR AR B R R R A 32 8
WK JHIE TR G Y s Tt K R A1 2 AT
W s OPE Y 20- B R WO W R (20-
hydroxyecdysone, 20E) W& FRFEEE, Eil5%F
HEZ Wy v 0 288 [ s 3R AN IR I 3 AR, s ik
0 A S AR R N e AR I R AR S, e
P AR bR AR R Rk (IR a4, 2012). H
BIoMIE, R HEARN L T 7 AE LR R JH,
EATABEIH O JH T . JH T, JH 1. 4-
methy-1 JH [ JH I -bisepoxide I Methyl
farnesoate 5% (Réller et al., 1967), i JH I JLF
FEETHARER D, WJH LA JH I i
HE BRI (Jindra et al., 2013) . 7E4)
KEE, JHEZHWMIA (Corpora allata) F i
o3, HAE R K 13 AL B, b R g)
WERWP LB (JH acid methyl transferase,
jhamt) FRZHE IR A (JH epoxidase, jhe) i
A B J P AE 32 B )2 W OCIEFIBEGY , jhame Y jhe
FIRAKCV 1 AR A2 LA R B SR A TH % 2 7K
- (Bellés et al., 2005). 21 HUA A5 57 I 2% 2 22
K& T HI MR (Prothoracic gland) o Hij J it 5 B Y
W58 B 3R 220 v i RN I A S A1 JR L 20 T Ak
JEAEYIETER 20E, R A K&
MRS o 2 5 W0 R R B Y G B il i P
FR A Halloween FE K, HHp b3 08 SF 1) 52 76 Ai M fli
5 P 3R I8 Y phantom | disembodied N shadow &
B, DA RAE AP R L3RG 1Y shade J: K] (JAI A &2
S, 2012) ¢ M R 2 D 4 2 00 T AR S L TR 1Y
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2235 K F 52 20 AL A i BR 30K (Prothoracicotropic
hormone, PTTH) . Ji & £ 25 Ik (Insulin-like
peptides, ILPs) FlIEKFEALH F B (Transforming
growth factor-B, TGF-B) {&F5 AN (Pan et al.,
2021; Truman and Riddiford, 2023).

JH A 20E LA 3t 09 J7 20 42 AN 58 A8 25 B I
M RBERRNERET . DB ERERN
], T R IER o BB, JH R B DR TR B
K, DA ik gl lsi e J5 Ak 2k g rgh A K R H
A 206 743 Ut B A bk b U T i, IR 4D
HUf gt e b AR o YRR AR — R, Ak
YRS JTH K- 8 2 R AR o TRIIRE, i gk 2 rh ) PR 20 0%
2R TR S PR AR A HUXR B R E 10 kK B R B —— Il
1A (Critical weight, CW) J& #8184 fig
4 Uk Py 5% B2 (9 JTH (Mirth and Riddiford, 2007
Nijhout and Callier, 2015), T H:A4& N (1 20 % )&
BETm, SmE R )E AT (Truman
and Riddiford, 2019; #Il €5, 2021).

LRI 2, 4 HUZH U X TH B 208 1Y
ORI B A B B B R AR AL . S AN T AR TE R
AR E B B R U, T AR R E I R
MM ERHEMZA, DRERZEMNETmia
(Riddiford, 1996; Nijhout, 1999). /K # JH
R kT, HIERALBEMNELE
(Riddiford, 1996; {alfE#issE, 2017). {HAELHR A
HRM, RS T IH MR, LR R4 B
R B AERKEZEAZZM (Smykal et al.,
2014; Daimon et al., 2015), UiH%) 0 R X JH
AU, TE B E LW Drosophila melanogaster F14H
H R Manduca sexta 225K G W A8, 28
B8 A AE— DA S BoOUL S B (Y B I 20F I
ZBEIN MRG0 R i R e, Al
JRBE20E G U2, MR KBRS, HIEnt
[E) ZE K (Truman, 2019). 7E4hH L% CW 5, fili
HR L E MY (JH analogue, JHA) AbFH4)
Ho, JFEARERH I 4 AR A0, H &) He oK i
W SPIERK, ARSI RAER I, X2
HHLAMETE CW B BRI 20E (5 5 f5 , 243
) 7 ARSACI R, RIMEAS At & JHA, A
KahdiAKEE, TS C A 3016y
(Truman and Riddiford, 2007; Daimon et al.,
2015) . FHARLEZATE H “All-or-None” £ 71%2%
R — %, AN JHAI20E ATREE )5 2h I

K7 OIVERT, AEXE LS B LR 22 1k 3R 3k o 4y s 4]
AU A T AR (Nijhout, 1999) . B
FERA , AATTZ HT R 238 3 R o 45 A8 2 1Y o
—BEK, BARWMEARBTREPECEEN, A
BRI B B iz P i A T MO8 32 45 3 DA 1) Rk 7
¥, )2 R O SR I R = 5 T X
Sk AL BUN o

2 R ESERMBEEEERNEZN
FNHE 5 2 R

1964 4%, & HE A% K224 Y)% K Schneiderman
I Gilbert #EM , - &)yt~ — J80 1R 19 % 75 5 728 2 THLT
JEARALRY SR . SR, AT RSB R iR 2
A TH AL BB I AR S 2 R, WRFTE
S & % (Schneiderman and Gilbert,
1964) ;19714 HHE L KA E ) “A 5K Williams A1l
Kafatos 2 1} T — MR : 7€ 2SR R A R L
KEBH B (Zhdu, siFped) #A —izbrB
X N ) B B R S 4R AR (Stage—specific master
gene) WFE, BrBokisp) EEAER AL H B K
RH— RV I MRk, gEm s sz Ak Kk
BB B (Williams and Kafatos, 1972) . %1% 2
AR R HTIENE, BEE T AR ORI K E,
W 0 B B R 5 R PR broad complex (BR-C), #01
A B B S £ I ecdysone induce protein 93
(E93) Sela®eilisk, mpthscrh, BIERR
#w R K (Mushroom body) #f £ qn
(Neuroblasts) ™1 & B 1Y) Chinmo (Chronologically
Inappropriate Morphogenesis) i K # A2 Jy 5¢ 4248
Oy oL e I i R AR (Truman and Riddiford,
2022).

Vi fie O E 19 58 478 25 B L B B 3 42 4k
W, BR-CHENE WA LT . FIERIER) BR-C
R R Y R U BRSBTS, Tk
L (Kiss et al., 1988), FEMARRIK, Zdx. 7f
UL 5 Tribolium castaneum FIHWS Chrysopa perla 1)
W & B, BR-C B 3k A8 4 5 HAR A i
PERE R —3: BR-C RPN 1R 2 253 3 i #i
5, TE %) HUZH 90 A0 R AL AR v Tz Rk
B % BR-C ik Tk, AL SR &
SERBOHOE , BRHBRF G, IR RATEA .
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g AV I Y ) B A, 2 BR-C Y
FRTGE[EE AR (Truman, 2019), SRAEAEZS
JA SHHT R BR-C R 13k, AR 32 5
WEAHH] (Zhouet al., 1998; Uhlirovaet al., 2003;
Konopova and Jindra, 2008; Parthasarathy et al.,
2008) o 4 2R A B 19 45 RCRT E BT BR-C SN 1Y
Fak, PRNE IR ST N R AN R 2 e A
BHMIRE, BRI X FE B4R (Zhou and
Riddiford, 2002). BLAh, fE8EH H R H S A A
FLRMRIESE , TH K CHT i s 4% T Kriippel
homologl (Kr-h1) BEFEHLIH Y BR-C JLH () %35
(Zhou et al., 1998; Reza et al., 2004; Kayukawa
etal., 2016). UL, 44 HCE &AL E IR AL
PRORATIS . A2 BT R bk I THRGRE , B0t
ARSI HIVER o XAt — P EIIE T BR-CHEPNESE
SRR R A I e A

E93 e WA i T B R 4y e R AL Y I
T#¢ %I (Baehrecke and Thummel, 1995), [fi)5
B UE S AL 2 5 R AR Bl 28 o0 0 2 B AR R PR SR T
(programmed cell death, PCD) i # (Syed et al.,
2017)c WAk, E93 J [H 7 S R R i e 300 F) i R 241
2L b R Gk, R IR AHZNEE (Mou
etal., 2012), WM £93 25 BUM AR 2 210 K
HiEA, PR AR, BIFA2 e g de i AR
Akl (Urena et al., 2014; Chafino et al., 2019;
Zhu et al., 2020). {HAREE AL, B BR-CHI
E93 RN AEAZZS A sh Je A, (R T Kr—h1 #11
BR-C P MRS HTAE T, £93 KL 1 3K 16 19 )5 1
BR-CHEA T P8R 3K 5 A 2 Wt s s, il d 4141
MMt TR % F (Urena et al., 2016; Liu et al.,
2025), XFhEPIRILE LSBT BEELRE
M SORE, W R B SR i —
(Reynolds, 2022). [Hitk, E93%EH Bl K2 5¢ 4
AR USR] AR

Kr—h1 55K J2& JH {5 530 % v fi 210 3 sg i)
FE T, HAR O D RE 22— 2 A 45 i M Ji 40 i v
Halloween 2& ] {15, sl ELHEAN ] BR-C / E93 2
HIAE g dUH B SR TR, DRI HER AT,
TRABEE KA (Anti-metamorphosis) (Kayukawa
et al., 20165 Liuetal., 2018; Zhanget al., 2018;
Belles, 2020; Martin et al., 2021). iZMLEIEANTE
AR R IS 2R R by s sy . RS
T &I SR TH AR A SO SRR Mg, Kr—hi

BEHRRRARB B ILRMHNANESEH
(Minakuchi et al., 2008) . i, Kr—hl 3EH 8K
919 A Ry 2 Y AE A 4l RO 4 JE ] (Truman and
Riddiford, 2019; Martin et al., 2021). #X1fi, 7
AU RO R B, e 2 M JH /)
RS W, S JH 3Z K Methoprene—tolerant
(Met) , INEBUZBHWTTH (555 S Kr—h 1 JER )3
ik, BEALJE B4l HUTE 3 IR T I & B AN Z 52,
RAEER R E R 305 4 Z W W (Smykal
et al., 2014; Daimon et al., 2015; Chafino et al.,
2019), HE7n 4 RN 2 I AR TH 50 Kr—h1 1Y)
W, ZRRTEA TSR AT ERLR R
HERE L, JERH Kr—h1 SEP7E R R B ok R v
DRe B B (Smykal etal., 2014; Trumanet al.,
2024), AFFE CFHEEERET B ool dol 45
FEHE B, B, Kr—-hl FEFHFAETE 2SR
ooy B0 4 A

XJ Chinmo H PR B A58 0 S L 1 Fr iy & .
B LR PR R X B 22 R G R A R 22
JC (Mushroom body) B} ¥ 8 42 HF (Temporal
identity) #%¢ % B 1 (Doe, 2006; Zhu et al.,
2006) . BEF X Chinmo BEH DI RERIMENT, FHEZA]
RIS 5 e+ B R 22 T 2H 220 it 70 78 25 i
M EEIRE, HHEPLBR-C M E93SLH ik, &
H I JE, fE20E B9 T, Chinmo. BR-C i
E93 BEPEAH A AU P IR S5k, X 2e 4] 21
20 A 4y SO A U B R B RS AR X
(Syed et al., 2017;
Maurange, 2019). EHiFoE R, 06| Chinmo %
PRI ) 2 35 T ¢ 4 BEL DT RS I SR i 4 e 2H 2 A )
Bo M 1R 2 BB Chinmo 3[R 2 S 34 R %
FERTIEL, JFPERE%E BR-C 8L E93 3L Y LR %k
(Truman and Riddiford, 2022). 1Z3<87E B fGE B8
oy R M R L AR A 2H U Rl e A 2 P A
FNUESL, K Chinmo JE BN & hy R ME SR 0 4))
WM EFIEH (Chafino et al., 2023). )5, 7E7R
LA s AT B S R R R 2 R BT
Chinmo Hk A HAT Vi 45 2 HUk & B0 11 P2V S )
Tyag . HHAE AL E S R R R R LA [H
(Chafino et al., 2023; Chenetal., 2024; Khonget al.,
2024) . fHAREEMZ, BT RERELSN, JH
HTUIY Kr=h 1 e R 280 R 4 ik & i
R R IEFEZA/ER (Chen et al., 2024), MJE

Narbonne—Reveau and
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S R Chinmo JE K VR FE ML T BEIF AN 6E A HiA
E L Chinmo JE A DN RE Y AF S R X 1 =%, i6
B R 2 1 B U T RS

3 RN R TN R i 3R TR B M 5 A
SRl i ERE I /N

e H R dp, X5 JH F1 20K D) RE Bk 5T &
B R U R OR MORN G A gk AT RS
H R, Hl 57 3 09 5 0 5 R 0 A A B Tk A
BEH LA Z AL, HARP JH 20K (43
REAVE R A AR, HZ, 3FJH (JH T |
JH UATJH ) 7850 57 3 gk 9 53 A R e A7 —
FERIRRRTE . B TH T — A9 53Ai AN FEAT B
B BEPERRAE, ASORNOZ HAEG B i BAg JH T A
JH I 7€ Bl e 4 b 58 9 &% U 2] (Griebler et al.,
2008) . H:K, 3% JHAEA WS 9 FR3K A8 015 Bl T
M . FEMHE R b, 78RS K TR iy 32 2L
SETH T AJH I, EATT A i B 7K O B 30 de I ) s
B A AR AEAR IS 1Y 5 4 R FT I 5 3 F00 0 409 B 7 A JH
TR E TR, BAEZ) 24 h Gl s AR, A4
FreL 3 uE ] (Granger, 1982; Nijhout, 1999). fij
FERE TR, JH T &) SR I iR st A A
7 MERB RN EZRIH I, BMKR
W55 2 RIFIR I, JF— T AEREAE X R AR 43 B2 K
S RN AE AL (Griebleretal., 2008; Liet al.,
2023), JXUBLEREER T 3FP JH AE B AP R B P A L
AE2E 5.

Jihh, IBFREE ROk, 1E4h ORI B B JH
T B AKOF-BEA S T v B s R AN AR ], 3 mT R
P eI FAE & AR AR, T8, &
P BN 3 3 1 A B 36 0 2 T e L B R I ) CW
S I SO IR AE R WA 24 h TR A B CW, 1A lg S
A 0 7% 5T TH 0 BE B AR 0 B[R] AH X R (L et al.,
2023; Wu et al., 2024) . KB K 4 HUA IS 5§
WA, IRF CW % B (B A FE T 2o b £ 7 ik B
(Nijhout et al., 1974). {HAFEREME, 7EH ML
WA A, THAE CW 5 8T H B0 28 i ip e
i (1] 5 0 B O g AT o 3 OS], X s LR L
RSP RSN R L R LS s ke S w S
AE (Nijhout et al., 1999), A58 &I, 7E4)HUIH
T BE e HLAR A AE R TH T R JH T X T il 42
RS R T o Ee, BTN

HOSA AR F T e Pk L B A R B 1Y
KB 5 0 TH LAE S s R0 A B BRI A A A 2
e, P EEXABM BT EERIH T A JH 1
SERFN (Lietal., 2023). HFIXHJH I7E 5 4
T e 4y ST S 1) ELAR Dy g A VA W ) 4T
e HIIRE AR, AR HEER,

FEC T JH,  H A% 5 i 97 7% % 20 {5 5 1 i
1 B IA LB b, B2 TR R R R
RL Tl 5 R ) 2S5, 1Y 20K 155
A OCSE A DI REHEAT T 90 IE . (H AR5 25
KA, AHICIE D)5 A R b i 4 A
—3, WL (Broflanilide) J&—F TR &
GABA SZ R B AL 5], X436 5 0 3 M 7E
B 22 Bl b 3 i 8 B 3 i A R TS PE - (Nakao
and Banba, 2016). BRECEIGMSL, 5 H MR b 2
of 1) R TR BRI R B . RE TR, 4
Hawd K7 e W B R ORD R M AR R AR 4 AR
(Zhan et al., 2021), XEGFAR T 0] G X B M 571K
U 11 20E 119 BRI 4300 1) 38 A el Jse i) o IR 45 2R
TESE, 3 b BT 1) 50 53 R0 A P 119 20E 7K 2
HREAL . TR B 4 Bk dE R CYP307A1/spook
CYP314A1/shade. CYP315A1/shadow. CYP302A1/
disembodied Fll CYP306A 1/phantom % Halloween &
BOFE SRR B T, X /R T X 5L 5 208 &
WA Z BB BRE (Jiaet al., 2022; Cao et al.,
2023). EcR. HR3. HR96 Hl USP i% Y6 #% 32 1A M %
T F D R By e AL AE AR DG HRE R AR BB E, RS E
i€ 20E {5 57 S B B EZA/EMH (Giraudo
et al., 2013; Fanet al., 2023)., {HAEATZMNZ,
USP e 0 b 53 1 Mk b A7 BN AS R 1 S A, o
USP-2 1) &35 i W H 30 A &Iy HOmgi R i R A5 25 14 1
Wile), T USP-1 FEAE WM FRE, XER TE
IHETNRE B 2E 5 (Giraudo et al., 2013),

FiAh, TE R M SRk TH ORI 20F A B AR R s
SER I, FELN R CW T Z4EHY 20E (1 1E % 4 i
XFJH A BT oy B2, 7F B M 5T 7 4 0% 4
i K% shadow FEPH 23 R BADH jhame FER Y FRIR, &
K BRFIH, IR R T, HYR
FAIG AR E S, 4 BN R KOE 1Y TH Sk 4k
FeRE . JHHI20E (146 1B 3 DR i 22 3K T B /K
AR Ss R I R BRI L (W et al.,
2024), FfiJ5 20K % BE B R s, 15 S SO I 9
3l (Giraudo et al., 2008). X5 7EMHE K ik A K 4
By M—2 (Nijhout et al., 1999).
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TEESERHREEERNEREM

AR E R FE AR, HE A SR dgh iy, i
M e 3T B B = 45 5L R Chinmo . BR-C F1 E93 )
RER T—E s (K1),

Chinmo BR-C EQ93

Wild type

Chinmo_M

BR-C_ M é

Embryo Larva Pupa Adult
BRRA 4R 4 R

1 SE AR R U BE EHE LI Chinmo . BR—C R E93 2 R 55 b 5 0 M A K R A A 7 T
Fig. 1 Schematic of the regulatory roles of the stage—specific master genes Chinmo, BR—C, and E93 in the development of

E93 M

Spodoptera frugiperda
T RO STROET AR (Wild type) . Chinmo 28281k (Chinmo-M) . BR-CZZEIK (BR-C-M) HIE93 3875k (E93-M) 1%
A0 R ST RO A TS LR IRIEIS (Embryo) . U] (Larva) . WM (Pupa) FIALHUY (Adult), Chinmo (%%
@) BR-C (W4L() FE93 (M) FENTEA TSR PRI . FBR Chinmo JEW 5, 4 LTI, JOILIRS L 510
o FEBR BR-C NN 22 M S ARG A A ) CRRZS IR sl MR E, RSS2, 2t mial -tk
B TEBR-CRAMRT, E93HIFGAEATRI A B SR BT By, S EUR M PG TE IR S8 WU BR-C ik & R R AT R & o miER
E93 BN [RIRE A 25 Wi S AL R IR SR S AN 4 Al (CRZR 3T B0k d, 4 RS iyl R REIE % 24T, (Hh T4kl
LTEIEF iR, B R ARG TSRO T S8 B S UL S5, i) TR D R, R E93 AR
% H 15 B E I ) W B Bt o Note: Comparative developmental trajectories of wild—type and Chinmo mutants (Chinmo—M), BR—-C
mutants (BR-C-M), and E93 mutants (£93-M). The life cycle of S. frugiperda comprises four developmental stages: Embryo, larva,
pupa, and adult. Stage—specifier Chinmo (yellow), BR-C (pink), and E93 (blue) are sequentially activated during the development.
Knockout of Chinmo induces larval development arrests, preventing subsequent metamorphosis to the pupal stage. BR—C mutants
undergo normal growth during embryonic and larval stages (before metamorphosis). However, metamorphosis in the mutants is
disrupted, resulting in larval-pupal intermediates. Knockout BR—C also induces premature expression of E93 in L5 larval stages,
triggering premature adult differentiation. £93 mutants undergo normal growth during embryonic and larval stages (before
metamorphosis), and metamorphosis initiates successfully. However, disrupting the degradation of larval tissues leads to the retention of

intact larval structures in pupae, halting further development at the early pupal stage.

SRR S, TER TR Kr-h1  HTAR AN {H 485 Chinmo R I3RIBE 42 0.

H1 Chinmo FERERXT BR-C Fl E93 3[R 1) 6 35 HAT
HRAEIER . A BRI B, BT Chinmo %
IR e ek, BRIVl BB Kr—hd JE IR, W& BETH 0
BR-C 1 E93 FE PR LA JE LLiFs 5 0 1l 53 0 0k 4 1 42

TR, DU, B K-l RS SERER
{5, JF BB B R K, X WG R Kr—hd A
Chinmeo % PR 4t 47 B i 57 1% ik 40t K 7 0 i A
H (Chen et al., 2024) . Hl @ ER Chinmo J&[H 423
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FEG) AL 3IEHTE R T R B Z I, BER
Chinmo JEPRIFE W5 &) BUAE K & B h &4 8 2 1 AE
M (Chen et al., 2024). {AZFARRE, HAis
Tk T ff SR Chinmo 3 R 40 B A0 & B BISE IR
EAEREME, MHEE (Methoprene) AbHHSFO4H
J 3 AN BE A FE Chinmo R B F 35, XWR T
Chinmo F1 Kr—h1 %5 X A fig 38 52 AN [\ 19 75 = 425 7L
MR A M AT, SHEE R R AR IS A
I (Chen et al., 2024; Khong et al., 2024). L4k
AR, SRR T TRk BR-C SEH
J&, R ST R G A A g R AR K R B AR Z
EArsem, ARSI, i FE= T BR-C
MIURE, fRU e, S AR MR R B b i B Y
G FRE; R, BER T BR-C R I A0
2 O PR Chinmo W 3K, B R B B+
PR E93 SRS M 3Rk, Sl A LU
K, BT E9IHPERTE RS, AR R Y
TP P20 M gR TR AR TS B, R A s 40 21
PRTE R (Liv et al., 2025) . 1 4@ T 4 %
IR E93 A Z )5, ALIRFE Iy vl OER Jagh, H&
B ARG oIk IH A gh iU iy, HLBt= E93 11
PR, REPPEAN MR T, AR AR i 4
SUER B E I, ol R AR AT T 4 R
BRI 2 (Zhu et al., 2022).

AR BE, R BR-C 1 E93 KA [H]
AP B G , iX 5 2RI i BR—-C T E93 5E KA By
Bt Rk BEANE, By £93 PR AE 1 57 3 ke 4
AR 25 b i 40 ) R PE T R A R 43 4 R A 2R R RN
B I EE (Zhu et al., 2020; Truman et al.,
2022; Liuet al., 2025). K E93 FLH BAR A &
S 4 A AR S AL AR, R TR . B iR
G T IE IR, WA 15 B AR 252 2] 1)
il , 2 E93 S8 AR MR 2 Hh B 4y -0 ik A IR OE S
(Zhu et al., 2020). 4% 52020 1R A0 R 25 50 B
Jo, HUB R IR Kr—h1 23306 £93 R 235 1 4k
SLTh L IR BR-C 56 R A 2 41 ) E93 Jk X (1) =
ik, B ORI kB WA 58 K (Li et al., 2023;
Chen et al., 2024); TEULIIME], E93 KL — H4ER:
X E eIk, B S 1 BR-C 3L ) ik K
B ETRAR, WS E93 BER B TS, dE iR
BURALER, AR (Zhu et al.,
2020; Liuetal., 2025).

5 RE

BRARSRE B RO AUR AR R b R
B ERIFEINZ — . se 2R R LAY AR i A
WMEFEETACELEREBR, 2L ERRTE
2 U FRAEAT ARG, TR 0 A T 2 A A
X AR 5 2P B I TR] A A 7 S 4 R £ 45 2R 2
FUFNARTREER . EE2EEREY, 4
HUP A A KA 32 AR BRG], (0 RE S 7 BE AT
PR SRR P IR (Manthey et al.,
2024) o LT R A Dy R Y 58 R A AL F
g, Hahdvgm s, REGE TR R ERAE
Yo DRAEEN DR R A BR, A it
NHAEUTT R, HI A R E 208 B
TS TR OB . EUR T R A AR
TENVE SONA S, R H AT Gk RN H] T4
b BB . BTSSR SRR AE R R E
o P R B B T A S N R B L, AN LRE
% TR B SR A R A T A IR R TR P ML B Y
AP, TR IR D 2 T A e 7 A 2 Y 5 el 5 8 K
o AMOR HE ¢ (0 By P2 4 BERL 2 PR A
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